Introduction
As part of our studies of 8-substituted pterins as new mechanism-based substrates of the enzyme dihydrofolate reductase (1), we have recently developed new methods for the synthesis and purification of the monosubstituted 6-and 7-methyl isomers (2, 3) . In previous work in the literature only the 6,7-unsubstituted or 6,7-dimethyl or other 6,7-disubstituted 8-alkyl pterins were available for structural and chemical study, with a similar restriction for the 8-alkyllumazine series (4) . In view of the interesting structural and degradative properties reported for these types of compound depending on pH and our need to understand the properties of the 6-or 7-monosubstituted-8-alkyl-pterins for interpreting their biochemical behaviour, we have undertaken a comprehensive study of these properties for the 8-(2'-hydroxyethyl)-substituted pterins with all combinations of methyl substitution in the 6-and 7-positions, together with corresponding studies for the 8-methylpterin series in base only.
Material and Methods
Bruker 200 MHz NMR and Varian Cary 3 UV/vis spectrophotometers were used for structural determinations at acidic, neutral and basic pHs and for the neutral forms in methanol, and Activon Exsil SCX HPLC was used for compound and isomer purity checks. 6.7-dimethyl-8-(2'-hydroxyethyl)pterin 1 and 8-(2'-hydroxyethyl)pterin 2 were prepared by the standard procedure of refluxing 2,5-diamino-6-(2'-hydroxyethyl)amino-pyrimidin-4(3//)-one dihydrochloride in MeOH with 2,3-butadione and glyoxal respectively (5). The 7-methyl-3 and 6-methyl-4 8-(2'-hydroxyethyl)pterin isomers were prepared using a new procedure (3) based on separation of the 6-isomer bisulfite adduct from the 7-isomer cation by cationexchange column chromatography, followed by further purification by reverse-phase chromatography. The isomers were separated from a reaction mixture obtained from the condensation of the diaminopyrimidine with pyruvic aldehyde in the presence of bisulfite. Reference compounds 6-methyl-7-oxo-and 7-oxo-8-(2'-hydroxyethyl)pterins were prepared from condensation of the diamino compound with ethyl pyruvate and sodium glyoxylate respectively (5). 6.7.8-trimethyl-5, 8-methyl-6, 7,8-dimethyl-7 and 6.8-dimethyl-8 pterins were gifts from Mark Koen (2) .
Result and Discussion
The structural distributions of 8-(2'-hydroxyethyl)pterins under different pH and solvent conditions are shown in Table 1 . These were determined on the basis of NMR resonances for the 6-or 7-H, or 6-CH 3 protons.
In acid only one cation was observed for all the pterins. In neutral aqueous solution, the two 7-unsubstituted pterins 2 and 4 existed in the normal (quinonoid) neutral form only, while 7-CH 3 substituted pterins 1 and 3 showed two neutral forms, quinonoid and 7-cxo methylene, in the ratios of 70 : 30 and 92 : 8 respectively. The structures of neutral pterins in methanol, however, showed substantial differences. Another structure, an intramolecular cyclic ether, was observed in the NMR spectra of the two 7-unsubstituted pterins comprising 75% for 4 and 40% for 2. Also both 7-CH 3 substituted pterins showed a greater proportion of the 7-exo methylene form. These variations in structural ratios were also observed from the UV/vis spectra at pH 7 or in methanol. In base, the two 7-unsubstituted pterins showed the intramolecular ether form only, while both 7-CH 3 substituted pterins showed 7-exo methylene and intramolecular ether forms in the ratio 67 : 33.
The time course of degradation of both the 8-(2'-hydroxyethyl)-and 8-methyl-pterin series in base were followed by ' Η NMR, in conjunction with studies of possible reference decay products including the 6-methyl-7-oxo-or 7-oxo-8-(2'-hydroxyethyl)-pterins, ethanolamine, methylamine and the relevant 2,5-diamino-6-alkylamino-pyrimidin-4(3i/)-ones. With increasing time, products suggesting ring opening across the 7,8-bond and subsequent elimination of the alkylamino substituent, as well as 7-oxo derivatives were observed for both series. For both series stability to degradation was in the order 6,7-dimethyl » 7-methyl » 6-methyl > 6,7-unsubstituted. Decay pathways in base consistent with the results are suggested in the Scheme below.
SCHEME
In contrast to the structures of the 8-(2'-hydroxyethyl)-pterins in base, the 7-unsubstituted 8-methylpterins showed only the hydrated anion form, while the 7-CH3 substituted ones showed ~ 90% 7-exo methylene anion form.
Conclusions
8-(2'-hydroxyethyl)-and 8-methyl-pterins showed very complex structural patterns as a function of pH, solvent, 6,7-substitution pattern and 8-substituent. Results for the 6-and 7-methyl isomers which were not available in previous studies show significantly different behaviour from the 6,7-dimethyl and 6,7-unsubstituted compounds.
No hydrate form was observed with 8-(2'-hydroxyethyl)pterins, but instead an intramolecular ether form was observed under neutral and basic conditions, especially for the two 7-unsubstituted compounds and in methanol. For the 7-CH 3 substituted pterins, however, the 7-exo methylene form was present in neutral and basic conditions, and predominated in MeOH and base. Neutral-pterin structural distributions in methanol were quite different from those in water, and also different for 7-CH 3 as compared with 7-unsubstituted pterins. These findings may be important for their interaction with the different environment of the enzyme active site of DHFR, and hence for their biological activity.
In base, we have observed that 8-alkyl-pterins undergo complex oxidation, ring opening and elimination reactions as a function of time.
